Abstract
Introduction
Highly active antiretroviral therapy (HAART) has significantly reduced mortality rates in HIVinfected patients due to virological suppression and CD4+ T cell count recovery [1] . Reducing the HIV virus load (VL) to the undetectable levels is the main goal of HAART, according to the current WHO guidelines [2] . CD4+ T cell count is a major indicator of HIV infection disease progression [3] . Patients who receive a late diagnosis have significantly poorer responses to HAART and worse prognoses [4] . However, some patients do not achieve complete CD4 recovery even with long-term virological suppression after HAART [5] . Previous studies showed that factors including age, specific drug regimen, and initial CD4 count were associated with CD4 count recovery among patients with virological suppression [6, 7, 8] . A cohort study indicated that a low CD4 count before treatment was a risk factor for not achieving a CD4 > 200 cells/μL [5] . Few studies have examined CD4 recovery in the context of viral suppression for more than five years. The EuroSIDA study demonstrated that patients with lower CD4 count (< 200 cells/ μL) had significant rise in CD4 count even after five years of viral suppression with HAART [9] . Patients with CD4+ T counts below 100 cells/μL at initiation of HAART had over a 90% chance of recovery to above 200 cells/μL after 3 years of HAART despite VL suppression. However, only 25% of patients recovered to 500 cells/μL [10] . According to long-term HAART studies, among patients with virological suppression, only those with baseline CD4 count > 350 cells/μL returned to the normal CD4 count after six years of treatment. Conversely, patients with a lower CD4 baseline count had incomplete recovery [11] .
It is still not clear whether HIV patients with severely impaired immune function (CD4+ < 100 cells/μL) can return to any significant key thresholds ( 200, 350, 500 cells/μL) despite achieving a long-term continued MVL suppression (VL < 50 copies/mL) by of 9 months after starting HAART. The aim of this study was to describe CD4 count changes during HAART, and its associated factors affecting the CD4 count in complete recovery to the endpoints ( 200, 350, 500 cells/μL) while achieving and maintaining continuous MVL suppression (VL < 50 copies/mL) in patients with lower initial CD4+ baseline count prior to HAART in Zhejiang province, China.
In 2014, 103,501 people were diagnosed with HIV-infection in China [12] , with forty percent of patients have presented with a late diagnosis of AIDs (CD4 count < 200 cells/μL) in China [13] . The proportion of late diagnoses is about 30% in Zhejiang province, China. Nearly half of patients have CD4+ counts less than 100 cells/μL. Each year had a greater number of newly diagnosed patients received HAART that were severely immunocompromised Given that many patients who start HAART are severely immunocompromised, it is vital to study CD4+ T count recovery in order to modify the drug regimen or to implement more intensive follow-up as necessary. Our study focused on CD4+ T cell count recovery of patients who had initial CD4+ levels of < 100 cells/μL.
Materials and Methods

Database
Patients' data were obtained from the national treatment sub-database of Zhejiang province. These included all patients who met the national treatment guidelines (CD4 count < 200 cells/ μL before 2010, CD4 < 350 cells/μL from 2010 to 2014, and CD4 < 500 cells/μL in 2014) and were provided free drug treatment [14] . Patients received regular follow-up care after starting HAART. The local Centers for Disease Control or other health-care providers recorded details of treatment at baseline, at follow-up visits 0.5, 1, 2 and 3 months later and once every 3 months thereafter. The follow-up mainly included clinical evaluation and laboratory monitoring, such as CD4 testing, blood routine, liver function, and kidney function analysis. Free regular CD4 monitoring was provided every three months in the first year of treatment, and after that twice a year (the CD4 test conducted between 4 to 8 months after first year). VL testing was conducted once a year, the first VL conducted not less than 9 months after HAART, the interval between VL testing not less than 6 months after first VL testing. The local CDC or others health care organizations would complete a questionnaire after each follow-up. The above treatment database and follow-up have been described elsewhere [1, 15] .
Inclusion criteria
All patients who were 16 years before treatment, had an initial CD4 count < 100 cells/μL, and had received continuous treatment for at least one year by the end of December 31, 2014 were included in the study. Patient records were also included if they achieved and maintained continuous suppression by 9 months after starting HAART.
Exclusion criteria
Exclusion criteria were as follows: VL 50 copies/mL, if the VL detection had been interrupted (the VL testing was not conducted annually) during the treatment, and if there was loss of follow-up such as death or discontinuation of treatment. Two sensitive PCR techniques for measuring VL with the lower limit of detection of 50 copies/mL were used in Zhejiang province. Therefore, VL < 50 copies/ml was used as the maximum virological suppression in this study.
HAART Treatment
Seven drugs divided into three categories were provided in the National Free Antiretroviral treatment Programme. The initial HAART regimens included 2 nucleoside reverse-transcriptase inhibitors (NRTIs) and 1 non-nucleoside reverse-transcriptase inhibitor (NNRTI) or 1 protease inhibitor (PIs). The NRTIs consisted of Stavudine (D4T), Zidovudine (AZT), and Tenofovir (TDF), with Lamivudine (3TC), the NNRTIs included Nevirapine (NVP) and Efavirenz (EFV), the PIs was Lopinavir/r (LPV/r). TDF and LPV/r was as the secondary line drugs before 2013. In 2013, TDF could be used as the first line treatment drug according to the National Treatment Guidelines. Meanwhile owing to the side effect of treatment or drug toxicity, D4T is no longer used in China, and patients who took D4T changed to use AZT or TDF in 2013.
Statistical analysis
Descriptive statistics were calculated with the Student's t test, One-Way ANOVA and the chisquare (χ2) test. Semi-annual changes in CD4 counts for five years after HAART to the end of December 31, 2014 were analyzed. The calculation process of CD4 count was that, for example, calculated the CD4 count in 6 months after treatment, the CD4 tested date between 4.5-7.5 months was collected, if the patient had more than one time of CD4 results in the period, the date of CD4 results closer to the 6 months was collected. We determined the mean CD4 (95% confidence interval, 95%CI) and median (interquartile, IQR) in the absolute CD4 count at baseline and semiannually thereafter.
The endpoint of the study was when CD4+ T counts first achieved key thresholds ( 200, 350, 500 cells/μL) and were defined complete and successful CD4 recovery. Person-years were calculated from the date of starting HAART to the time of last follow-up, whichever occurred first ( 200, 350, 500) key thresholds (follow-up date for analysis), with patients still unable to recovery the endpoints censored by the end December 31, 2014 (follow-up date for analysis). Kaplan-Meier plots were used to estimate the rates of CD4+ recovery to the thresholds. Cox proportional hazards regression were used to identify the factors associated with endpoints of CD4+ count recovery for participants in this study.
Univariate factors with P < 0.1 and factors previously shown to be associated with the CD4 + T cell count recovery after assessing collinearity and possible interactions were placed in full multivariable regression models, including age, gender, transmission route, presence of infection with Mycobacterium tuberculosis (TB) before treatment, initial CD4 count, WHO clinical stage, presence of change in regimen, and cotrimoxazole prophylaxis (TMP-SMZ) during the treatment and the initial regimen. Complete follow-up data were collected, which included every CD4 test results, HIV viral load measurements, and any changes in drug regimen.
All analyses were performed using STATA 12.1 (StataCorp LP, College Station, TX, USA).
Ethical Approval
This study was reviewed and approved by the Institutional Review Board of the National Center for AIDS/STD Control and Prevention, China CDC (IRB approval number: X120331209). All the data was obtained from the national HIV treatment sub-database of Zhejiang province. All the patients who received the national free treatment at baseline, the local CDC or healthcare providers would inform patient that all the treatment information may be used for the monitoring analysis. All the patients signed the informed consent.
Results
A total of 918 patients were included in the study, and the total follow-up was 2722. long term after HAART initiation. The greatest CD4+ count rapid rise was seen in the first year after receiving treatment, the median CD4+ count was 39 cells/μL at baseline, up to 143 cells/μL at 0.5 year, 185 cells/μL at 1.0 year. The median CD4+ count increased slowly after that, reaching 262 cells/μL at year 2, 299 cells/μL at year 3, 331 cells/μL at year 4, and 361 cells/ μL at year 5. Fig 3 shows the Kaplan-Meier plots of the CD4+ count recovery to the endpoints ( 200, 350, 500 cells/μL) from the time starting treatment. Kaplan-Meier estimates that the rate of patients CD4+ count recovery to less than 200-350, 350-500, 500 cells/μL after 1 year on HAART was 43.6%, 8.6%, 2.5%, respectively, the proportion that returned to these endpoints after 3 years of treatment was 90.8%, 46.3%, 17.9%, respectively, and the proportion that recovered to these thresholds after 5 years on HAART was 97.1%, 72.2%, 36.4%, respectively. The plots indicates that the median time to return to 200, 350, 500 cells/μL was 1.11, 3.33 and 6.91 years, respectively.
Univariate Cox regression models analysis found that the factors of greater age and baseline CD4+ count (hazard ratio, HR: 1.60) were associated with the CD4+ count recovery to 200 cells/μL. Among patients who used first line drugs as the initial treatment regimen, the use of the AZT compared to D4T, of EFV compared to NVP, of changing regimen, (HR: 0.58, Table 2 ) and of taking TMP-SMZ during treatment (HR: 0.61) were positively associated with CD4+ count recovery to 200 cells/μL. Multivariate Cox regression analysis showed that these associations remained significant after adjusting for all potential confounders. 
The factors associated with the CD4+ T cell recovery
Univariate analysis found that the factors of CD4+ count recovery to 350cells/μL consistent with the factor of CD4+ count return to 350, cells/μL, except for the factor of baseline CD4+ count. These associated factors remained significant in the multivariate analysis.
Factors correlated with CD4+ counts returning to 500 cells/μL were analyzed by univariate Cox regression models. The initial regimens containing AZT compared to D4T, and EFV compared to NVP were positively related to CD4+ count recovery. Among patients who switched regimens, our analysis demonstrated that they were more likely to reach a CD4 count of 500. These correlations remained significant after adjustment in the multivariate analysis.
Discussion
This is the first report that examines HIV patients CD4+ T cell count recovery to significant thresholds ( 200, 350, 500 cells/μL) in China with lower CD4 counts at the start of the initial HAART treatment despite achieving continuous MVL suppression. Records from the national database showed that 727 (79.2%), 363 (39.5%) and 149 (16.2%) of patients had recovery to defined endpoints ( 200, 350, 500 cells/μL). The total proportion of CD4+ count recovery to the thresholds were 83.7/100 person-years, 47.8/100 person-years, and 39.3/100 person-years, respectively. The CD4+ count of the majority of patients was significantly increased after treatment, even at 5 years. Specifically, rapid increase was seen in the first year of treatment, while the increases in 2-5 years were gradual. Previous studies revealed that HIV+ patients with high CD4+ initial count ( 350 cells/μL) could have complete recovery to either HIV-negative or normal levels. However, the corresponding recovery would be lower in patients with initial CD4 count < 200 cells/μL [16, 17] . Some studies showed that CD4+ count increased quickly in the first year after treatment, but CD4+ count were not increased significantly in the second or third year [18] . The above studies in CD4+ recovery were not concerned with continuous MVL. According to the EuroSIDA data, in patients starting HAART with lower CD4+ counts (< 200 cells/μL), CD4+ count significantly rose even after 5 years of continuous VL with HAART [9] . Similar to previous studies, the authors found that patients with lower CD4 levels (<100 cells/μL) before treatment, CD4 count still increased after long-term treatment, even at five years. At present, an increase in 150 cells/μL during the first year of HAART is identified as clinical success among patients with CD4+ count more than 100 cells/μL before initial treatment [19] , and for the low CD4+ count (< 100 cells/μL) before initial treatment, the CD4 + count increase is slow. A study in Netherlands showed that CD4+ recovery was worse among patients with CD4+ count below 200 cells/μL [20] , but such trials were not restricted under continuous MVL suppression. This study showed that the median CD4+ count rose approximately 146 cells/μL under the continuous MVL suppression in the first year among the patients with CD4+ count less than 100 cells/μL before starting HAART. A study from the UK (CHIC) showed that patients with CD4+ T cell count below 100 cells/ μL at initial treatment and had maintained continuous VL suppression after treatment, had over 50, 14, and 3% chance of returning to 200, 350, 500 cells/μL after 1 year of treatment, respectively, and over 90, 59, and 25% after three years of treatment, respectively [10] . Our study, similar to the CHIC study, estimated that the rate of patients CD4+ count recovery to the endpoints ( 200, 350, 500 cells/μL) in the first year of HAART was 43.6, 8.6, and 2.5%, respectively, the proportion returning to these endpoints in the third year of treatment was 90.8, 46.3, and 17.9%, respectively. The proportion of patients that recovered to these thresholds in the fifth year of HAART was 97.1, 72.2, and 36.4%, respectively. Our findings suggest that immunological function was constantly improving among patients even at several years after HAART, and that the CD4+ count increased significantly among the patients with the long-term treatment. The study results suggest that patients with severely impaired immune function before treatment should remain in long term HAART.
We found that factors including increasing age, baseline CD4+ count, initial regimens, changes in regimen and whether TMP-SMZ was taken during the treatment were associated with CD4+ T cell count recovery. Previous studies demonstrated that increasing age is a wellrecognized protective factor for CD4+ count recovery [7, 21, 22] . CD4+ count is more difficult to recover among older patients [20, 23, 24] . A study from Uganda illustrated that the CD4 + count response reduced 1.5 cells/μL per year as patients aged [25] . Data from a study of 4,041 patients showed among patients with HIV-RNA load below 50 copies/ml, the CD4+ count reduced 8.7 cells/μL as patients aged 10 years [6] . Consistent with previous studies, we found that age had an effect in lowering the rate of change in CD4+ count and resulted in incomplete recovery to 200, 350 cells/μL. This evidence might support the United States Department of Health and Human Services guidelines in 2012 that recommended HAART for all patients over 50 years old, irrespective of CD4+ count. Our results suggested that all elderly patients should receive early HAART, in order to rebuild the better immunological function, regardless of CD4+ count.
Similar to another other study [7, 26] , our study found that lower CD4+ count at initial treatment was a risk factor for CD4+ count recovery to 200 cells/μL, but not associated with CD4+ count recovery to 350 or 500 cells/μL. It was suggested that in patients with initial CD4+ count below 100 cells/μL, the CD4 count increased significantly in the first year, the higher initiation CD4 count level maybe an issue for CD4 recovery to 200 cells/μL. But for the CD4 count above 350 or 500 cells/μL, patients need long-term (the median years was 3.33 and 6.91) to recovery, baseline CD4+ level was no longer a factor.
Patients who used EFV for initial regimens had a higher rate of incomplete CD4+ recovery compared to the NVP regimen, while the AZT regimen compared to D4T regimen significantly affected CD4 recovery. Previous studies showed that EFV could produce higher virological suppression rates than NVP, whether the regime contained TDF or AZT [27] , which might be influenced by consequence of toxicity and adherence in NVP [28] . There was no difference in the long-term effectiveness of EFV-and NVP-based HAART, however, patients initiating NVP were more likely to develop early toxicity and discontinue this drug [29] . A study which involved 2817 patients from sub-Saharan Africa demonstrated that NVP was risk factor for virological failure (aHR1.52, 95% CI 1.24-1.86) [30] . Data from a cohort study in India illustrated that use of NVP and EFV-based HAART in antiretroviral-naive Indian patients led to significant and durable rise in CD4+ cell count. Although the study was observational and non-randomized, it showed equivalent immunological response amongst NVP and EFV-based HAART [31] . A study in Uganda showed no significant difference in the CD4+ recovery between EFV and NVP after treatment [32] . Data from the HIV-CAUSAL Collaboration indicated that compared with the EFV regimen, the annual change in the CD4+ cell count (95% CI) for the NVP regimen was −11.49 cells/μL (−18.13, −4.86) [33] . In contrast, our study demonstrated that EFV was a risk factor of incomplete CD4+ recovery in patients with lower CD4+ count before treatment. Among patients with long-term virological suppression treatments, the effect of NVP was better than EFV for CD4+ count recovery, without poor compliance and toxicity.
D4T as the first line drug was used in China before 2013. However, severe side effects associated with D4T use, such as peripheral neuropathy, lactic acidosis and lipodystrophy were frequently observed and accumulated over time in several African cohorts [34, 35] . A study conducted in South Africa illustrated that the mean of increasing in CD4+ count during the first year of HAART, which included D4T was 90.0 cells/μL (95% CI: 77.6, 102.3), and AZT was 69.0 cells/μL (95% CI: 62.5, 75.4) [36] . A study in Netherlands showed that patients could achieve higher (aHR = 1.30, 95% CI 1.08-1.57) CD4+ recovery with using D4T/3TC compared to AZT/3TC [8] . Our study also found similar results, AZT had higher rate of incomplete CD4+ recovery than D4T in initial regimen.
Ever changing regimen during HAART was associated with the CD4+ count recovery. Some studies suggested first antiretroviral therapy was often switched to simpler, more potent, better-tolerated regimens than the replaced regimen [37, 38] . Previous studies demonstrated that side effect of patients who changed regimens during the treatment such as toxicity [39] , experienced virological failure and resistance-conferring mutations within the viral genome than the patients who never changed the regimen, mainly reason due to poor compliance [40, 41] . Other studies showed that the effect was significant better after changing the regimen, the median CD4+ count increased from 157 cells/μL at baseline to 307 cells/μL in 120 weeks [42] . All previous studies were not involved in the continuous HIV-RNA load MVL suppression. Our study found that patients who had changed their regimen had lower CD4+ recovery compared to those who had never changed regimens. It has been suggested the first line antiretroviral had better effects in patients with lower CD4+ count in long-term continuous virological suppression treatments.
Several studies have demonstrated that cotrimoxazole prophylaxis could protect against opportunistic infections, such as Pneumocystis jirovecii pneumonia, Toxoplasmosis and malaria [43] . A study from China found that cotrimoxazole prophylaxis during HAART reduced 37% mortality in HIV-infected patients [44] , other studies showed the similar results [45] . Study from the DART cohort showed that patients who took co-trimoxazole did not have greater CD4+ cell count compared those who never took co-trimoxazole [46] , and that cotrimoxazole had no significant effect on CD4+ recovery during long-term treatment. Our study found that patients who had used a co-trimoxazole prophylaxis had significantly lower CD4+ count recovery compared to those who had never used a cotrimoxazole prophylaxis. However, the small sample size of patients who used cotrimoxazole prophylaxis, such as patients with severely immunocompromised systems, should be taken into consideration.
Several points should be considered. The CD4+ count recovery to the key endpoints ( 200, 350, 500 cells/μL) was analyzed while patients achieved MVL suppression (VL < 50 copies/ml) during the treatment, thus increasing the validity of the study. The risk factor analysis of CD4 + count recovery focused on the key thresholds. However, this study has several limitations. We identified all patients with initial CD4+ T count < 100 cells/μL in the analysis, but over half of the patients did not achieve continuous MVL suppression or did not meet other criteria, were excluded. This means that our findings focus on patients with lower CD4+ T cell count in the initial HAART, while achieving continuous MVL suppression by the time of 9 months after treatment. Owing to the side effect of treatment or drug toxicity, D4T was no longer used in China in 2013, and patients who took D4T changed to use AZT or TDF, so consideration should be given to whether TDF might affect the CD4+ count recovery. This was also an observational study therefore patients were not randomly chosen to start initial treatment regimens which were later changed during the course of treatment, as such findings should be interpreted with caution.
In conclusion, this is the first study that examines the CD4+ T cell count recovery in HIV + patients with lower CD4+ T cell count (< 100 cells/μL) at initial treatment, achieving and maintaining continuous virological suppression by the 9 months after HAART in China. The proportion of patients with initially low CD4 counts after nine months of treatment and that had achieved continuous virological suppression was greater than 70% for persons with CD4 + count 350. Conversely, only 35% of patients recovered to 500 cells/μL after 5 years of treatment, and continued to significantly rise with long-term HAART. Early HAART intervention will be necessary for achieving effective CD4+ T cell responses and optimal immunological function in HIV+ patients.
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